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A 65 year old patient had his mitral and aortic valves
replaced with two Braunwald-Cutter prostheses in 1973.
Seven years later, he presented with intermittent aortic
insufficiency demonstrated by echocardiography, fluo-
roscopy and angiography. At emergency surgery, the
occluders (poppets) of both prostheses were found within
Of the many possible postoperative complications of re-
placement of a heart valve by a prosthesis, a dramatic, life-
threatening and often overlooked problem is ball variance
(1,2). Sudden death may occur if the poppet locks in position
or escapes from the cage lodging in the aorta or peripheral
artery causing overwhelming valvular insufficiency. These
complications may become more frequent as the time in-
terval after implantation of the prosthesis increases (3,4).
We report on a patient who demonstrated a bizarre mech-
anism of intermittent aortic insufficiency as a result of dis-
lodgment of the occluder of a Braunwald-Cutter valve
prosthesis.
Case Report
A 65 year old Yemenite, the father of II children, after
many years of progressive heart failure as a result of severe
rheumatic mitral stenosis and insufficiency and aortic in-
sufficiency, underwent aortic and mitral valve replacement
in 1973. The aortic valve was replaced with an A-23 and
the mitral valve with an M-30 Braunwald-Cutter prosthesis.
The patient remained well until 1975, when a permanent
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the left ventricular cavity. The valves were excised and
replaced with Bjork-Shiley prostheses and the patient
recovered. Aortic occluder escape is rare and usually
fatal. Mitral occluder escape of the Braunwald-Cutter
prosthesis has not been described previously.
endocardial pacemaker was implanted for complete heart
block. In June 1980, he was hospitalized for streptococcal
endocarditis. which responded well to antibiotic therapy.
During December 1980, he was admitted to our depart-
ment for emergency evaluation of prosthetic valve dys-
function. For a few monthsbefore admission, he complained
of attacks of dizziness, weakness and blurred vision. On
physical examination this thin, elderly patient was in poor
general condition. He was pale and dyspneic. The pulse
was regular, 72/min and varied intermittently in volume.
Cuff blood pressure varied intermittently between 160170
and 120/40mm Hg. On auscultation, there was intermittent
disappearance of the aortic closure sound and marked dim-
inution of heart sounds. There was a grade 3/6 mid-systolic
murmur in the aortic area, intermittently decreasing in in-
tensity; an early diastolic murmur was heard over the base.
Electrocardiographic studies demonstrated a left bundle
branch block pattern with a right ventricular paced rhythm
at a rate of 72/min. At an increased heart rate. intermittent
sinus rhythm was noted with a prolonged PR interval (0.26
second) and right bundle branch block. A chest roentgen-
ogram demonstrated a moderately enlarged heart shadow.
An endocardial pacing electrode was in the right ventricle.
The cages of the two prosthetic valves were noted in the
aortic and mitral positions.
A simultaneous phonocardiogram and external carotid
pressure tracing (Fig. I) demonstrated intermittent disap-
pearance of the aortic prosthetic sounds and a simultaneous
marked change in the carotid tracing, with disappearance
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Figure L Simultaneous recording of phonocardiogram in the aor-
tic area and carotid pulse tracing at a paper speed of 100 mm/s.
The first beat (I) is normal with opening (0) and closing (C) sounds
of the valvular prostheses. An early diastolic murmur (DM) is
present. The second beat (II) is of normal configuration until the
dicrotic notch; 50 ms later, an additional escape sound (ES. arrow )
was recorded. Simultaneously a change in the carotid pulse is seen.
due to escape of the aortic ball into the left ventricle. The third
beat (Ill) has a different configuration without a dicrotic notch.
and a prolonged diastolic murmur is present. The aortic prosthetic
opening and closing sounds are absent. The ball returns to its cage
in the fourth beat (IV). which resumes its normal configuration .
of the dicrotic notch, indicating regurgitation. An M-mode
echocardiogram (Fig. 2) demonstrated the intermittent ap-
pearance of parallel echoes of the Silastic ball in the left
ventricular cavity concomitant with the disappearance of
aortic prosthetic valve sounds on the phonocardiogram.
Emergency cardiac catheterization I\'a.\' perform ed, Dur-
ing initial fluoroscopy of the patient' s chest. the poppet of
the aortic prosthesis was noted to intermittently leave its
cage. and float free in the left ventricle before returning to
its original position. The mitral poppet was in its cage.
Right-sided pressures were elevated. Pulmonary artery pres-
sure was 5011 8 mm Hg. Intermittently, there was a marked
elevation of the pulmonary wedge pressure from a mean of
18 mm Hg to a mean of 40 mm Hg. with a V wave of 70
mm Hg. The femoral artery pressure (Fig. 3) demonstrated
an intermittent marked decrease in the diastolic pressure.
which coincided with migration of the aortic poppet into
the left ventricle. This was similar to findings in the carotid
tracing.
A levophase angiogram, performed after injection of
contrast material into the main pulmonary artery, demon-
strated a slightly enlarged left atrium and a normally moving
mitral valve poppet. The aortic poppet migrated intermit-
tently from its cage into the left ventricle and back again.
An aortogram in the left anterior oblique position demon-
strated a similar situation. There was no significant mitral
insufficiency (Fig. 48). Normal coronary arteries weredem-
onstrated on coronary angiography. The patient was referred
for emergency operation.
At operation. the patient was placed on cardiopulmonary
bypass with cardioplegia and hypothermia of 28 to 30°C.
The left ventricle was enlarged and the aortic cage was
empty. The cage was removed and a ball was removed from
the left ventricular cavity. The extricated ball was from the
mitral prosthesis and at a second look, the aortic ball was
found unattached deep in the ventricular cavity. The valve
cages were both covered by a thick pseudoendotheliallayer.
The aortic prosthesis was replaced with a 23 mrn Bjork-
Shiley prosthesis and the mitral prosthesis with a 27 mm
prosthesis.
The postoperative course was marked by severe renal
dysfunction that improved after a lengthy convalescence.
The patient was discharged on the 30th postoperative day.
The excised prostheses were sent fo r pathologic exami-
nation.* The specimens weredry when received. The aortic
*F. J. Schoen. MD. PhD. Card iac Pathology Laboratory. Brigham and
Women 's Hospital. 75 Francis Street . Boston, Massachusetts 02115 .
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Figure 2. Simultaneous recording of the
electrocardiogram (ECG). phonoc ardio-
gram (PHONO) and M-mode echocardio -
gram (ECHO) of the left ventricle at a
paper speed of 50 rnm/s, A sequence sim-
ilar to that in Figure I is demon strated .
The ball escapes into the ventricle after
the first QRS complex with the appear-
ance of parallel echoes in the left ven-
tricular cavity (arrows), which disappear
after the fourth heartbeat when the ball
return s to its cage .
prosthesis (A23) had two struts completely and a third strut
partially denuded of cloth (Fig. 5).The silicone ball showed
no signs of ball variance; it was spherical and escaped with
a clearance of approximately 0.2 mm between the struts
that werecompletely denudedof their coveringand had bare
metal exposed. The occluder was not movable through the
basal orifice. The mitral valve (M30) occluder was smooth
and spherical. withoutchanges of ball variance . The silicone
poppetdid notescape through any of the threespaces among
the struts, nor through the basilar orifice.
plication of aortic valve replacement by a caged-ball pros-
thesis (1,3). Constanttraumaof the ball against the metallic
struts and valve base by the high pressures of both systole
and diastole is considered an important cause of such de-
generation. This explains the commonoccurrence of poppet
degeneration in a valve in the aortic position, and its rarity
in a mitral caged-ball prosthesis.
Ablaza et al. (5) described a patient who died suddenly
II months after aortic valve replacement with a 9-A Starr-
Edwards prosthesis as a result of escape of the ball, which
Discussion
Aortic poppet degeneration. Degeneration or variance
of the silicone rubber poppet is a well recognized late com-
Figure 3. Simultaneous recording of the electrocardiogram (ECG)
and femoral artery pressure tracing. With the migration of the ball
into the left ventricle (LV). the dicrotic notch disappears and the
configuration of the trace changes. similar to the carotid tracing
in Figure I .
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Figure 4. Aortograms in the left anterioroblique position. A, In
diastole. there is free aortic regurgitation with dense opacification
of the left ventricular cavity. The aortic poppet is free in the left
ventricle (arrows) while the mitral poppet is in its cage. There is
no mitral regurgitation . B, In systole. the aortic poppet (arrows)
has returned to its cage.
at autopsy was found at the aortic bifurcation. Two other
reports (6,7) described similar cases in which sudden death
occurred after the dislodgment of an aortic ball from the
cage of a similar prosthesis.
Poppet migration does not always prove fatal. Kunstadt
et al. (8) described a patient who underwent successful
Figure5. The excised aortic prosthesis has two struts completely
denuded of cloth. The poppet escapes easily from the cage and
shows no signs of variance .
surgery for intermittent migration of a Braunwald-Cutter
aortic valve prosthetic poppet into the left ventricle with
intermittent aortic regurgitation. The physical findings were
similar to those in our patient.
In 1966. Starr et al. (9) summarized the findings in 17
cases of previously implanted aortic balls returned to the
Edwards laboratory from 14 institutions. These balls had
functioned in patients for periods of 3.5 to 24 months. Four
of the patients died because of ball degeneration: three after
dislodgment and one from ball impaction. Herr et al. (10)
described variance of the silicone rubber ball of the Starr-
Edwards prosthesis in 15 patients. In five, ball degeneration
was the attributed cause of death. Preoperatively, the di-
agnosis of ball variance was based on loss of the prosthetic
ejection click on auscultation.
Mitral poppet degeneration. Ball variance of the mitral
prosthesis has been considered rare; only a few cases have
been reported. Sanderson et al. (11) were the first to report
ball variance of a mitral prosthesis in 1968. in an SCDK-
Cutter valve. At least a dozen cases of variance have been
reported with this valve (12). Poppet abnormalities have
also been reported in Hufnagel. Wada-Cutter, Cross-Jones,
Kay-Shiley. Kay-Suzuki. Beall-Surgitool, Hammersmith.
Capetown, Harken and McGovern-Cromie mitral prostheses
( I I. 13-1 7). Keen (17) described a late death in a patient
with a Cutter-Smeloff prosthesis. in whom the ball escaped
from the valve cage. lodging in the distal aortic arch.
The onset of symptoms associated with mitral ball var-
iance is insidious in contrast to that of aortic prosthesis
malfunction. The signs and symptoms described include
embolization. progressive heart failure with pulmonary
congestion. syncope, exertional dyspnea and eventual blunt-
ing of the sounds of the prosthetic valve (18). Phonocar-
diography will confirm the abnormalities of sounds and
echocardiography may be useful for demonstrating de-
creased ball motion (19).
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Role of blood velocity in mitral versus aortic valve
poppet degeneration. It is thought that the difference in
blood velocity through the aortic and mitral valves repre-
sents the environmental factor that most significantly influ-
ences the durability of the elastimer in the two anatomic
sites. Typically the aortic orifice is smaller than that of the
mitral valve prosthesis. Also, systole is approximately one
half of diastole in the patient at rest. Thus, the velocity
through the average aortic prosthesis is at least three times
greater than that through the average mitral prosthesis. Ball
variance is greater in smaller prostheses (18,20).
The period of implantation necessary to produce signif-
icant mitral poppet degeneration is unknown. In our patient
this period lasted 8 years, but shorter periods have been
observed. Peribasilar leaks or prosthetic thrombosis may
shorten this period. Twenty-four months was the shortest
implantation period in which severe aortic ball degeneration
was observed in a patient with a peribasilar leak (3).
Clinical implications. Early recognition of prosthetic
valve malfunction can be life-saving. The history, physical
examination, laboratory investigations for hemolysis, non-
invasive investigations such as phonocardiography, cine-
fluorography and echocardiography and cardiac catheter-
ization may provide crucial evidence of prosthetic malfunction
and wear (3,11,12,18,21).
The wear in the Braunwald-Cutter prosthesis appears to
be inevitable. The continued contact of the silicone rubber
with the exposed metal of the prosthetic seat caused the
severe reduction in total ball diameter, thus enabling its
escape from the ring. Elective valve replacement in the
asymptomatic patient who has this prosthesis for more than
5 years is recommended.
Our patient had declined elective operation some years
previously. Although both aortic and mitral balls were re-
moved from the left ventricle during surgery, Dr. Schoen
found no changes of ball variance in both aortic and mitral
occluders. Also, neither occluder could be moved through
the basal orifices. Because the specimens were sent dry,
there may have been some change in size, as the fluoro-
scopic, angiographic and echocardiographic evidence is
conclusive in regard to intermittent migration of the aortic
occluder. Intermittent escape of the mitral occluder was not
demonstrated preoperatively and the operative finding was
unexpected. We have not found a published report of mitral
occluder escape with this prosthesis.
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